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BINARY DATA TRANSMISSION 
ON A SINGLE INFORMATION CHANNEL 



Field of the invention 

The invention is in the field of the transmission of data in data processing and communication 
systems, and in particular to a system for the transmission of a higher number of bits per second 
per signal 

Background 

As progress in the art of binary data processing proceeds, that data must be transmitted and 
processed at ever increasing rates. There have been developed in the art, both serial and parallel 
types of data processmg systems, each with unique considerations in their individual structure, 
however, in both types of systems a fimdamental goal has been the achievement of the 
transmission of higher numbers of binary bits per signal 

M serial types of systems there is a constraint in that a single ^gnal must handle both the 
information signals and the clock. The solution in the art has been to use a phase locked loop, 
however, the time that must be allotted for a phase lock related signal is characteristically very 
long con^ared to a bit time. The time difference complicates timing and fi-equently makes serial 
communication systems in^ractical The phase locked loop also precludes bidirectional use of a 
serial channel Jn parallel types of systems a clock signal can be separated fi-om the data signal but 
here a doAvnside aspect exists in the timing considerations of the clock and the data. 
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In all systems at the present state of the art fiirther constraints are encountered v^iiere in 
processing there is skewing of the shape of the data bits. Periodically, in present systems, steps for 
restoration of timing precision and bit reshaping must be enq)loyed. 

Summary of the mvention 

hi the invention, it becomes possible to extract all clock information in clocked m time binary 
infonnation signals on a single conductor by sumUtaneously sampling and conq>aring a first, 
second and third vohage level to each data bit in clocked time increments vdierem the magnitude 
of the mcrements is such that each binary data bit is in two of the three vohage levels and aU data 
bits change each clock cycle. Reconstructed signals of the binary information may then be 
assembled based on a signal an^litude that is greater than a low threshold value that is less than 
the transition between the first and the second of the voltage levels; and fiirther is less than a high 
threshold value that is greater than the transition between the second and the third voltage levels. 
The reconstructed data signals are then fiirther shaped to be precise in timmg and fi-ee of skewing. 

Brief descrq)tion of the drawings 

Figure 1 is a relational depiction the informational efifects of the use of muh^le voltage levels and 
the &cilitation of the extraction of the clock and bit reconstruction in accordance with the 
invention: inv^ch, 

Rgure 1 A is a graph relating the three vohage levels to the state of the data; 

Figure IB is a three vohage level truth table relating the current state and the 
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previous state of the data; and. 



figure IC is a correlated depiction of change in voltage level with state indicator and with 



figure 2 is a fimctional block diagram of the invention. 
Description of the invention 

The invention through the use of multq)le voltage levels pennits the assembling of an arrangement 
v\dierein all data bits change on every system clock cycle. This in turn permits the insertion and 
extraction of the clock information in the data and also permits the usmg of local circuitry 
stracture m tiie reconstruction of the data inchiding the shaping and positionmg of each output 
data bit at the optimum time. 

In accordance with the invention each data bit of the binary input data is converted to a three 
voltage level ^gnal, with a change in voltage level at every system clock cycle. The change in 
voltage level correlated with logic and the feet that there is a change every clock cycle permits 
the clock information to be extracted from the binary data bit information. The binary data is then 
reconstructed between precise levels and with subsequent precision timing and pulse shape. 

Referring to figure 1 there is shown a relational depiction of how the changmg of each bit, each 
system clock cycle, together with the three voltage level arrangement with respect to the 
reference, permits the extraction of the clock information and the precise reconstruction of the 
data. In figure 1 A a graph is provided that illustrates the relationshq) of the three voltage levels 
"a", '1)'' and "c" in the analog signal 1, to the system clock cycles, and with the level "a" 



binary bit value. 
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coinciding with the reference vohage. Ifigli and low threshold levels 2 and 3 respectively, 
for the binary bit data to be reconstructed are shown. The high threshold voltage level 2 is higher 
than the to "c" voltage level transition and the low thrediold level 3 is lower than the "a" to 
'1)" voltage level transition. 

In Figure IB there is shown a truth table comparison of the current state of the data with the 
immediate previous state in vMch the "a" "b" and "c" voltage levels of the current state are listed 
as columns and the "a", '1)", and "c" levels of the previous state are listed as rows; so that 
as each bit changes each clock cycle, a diflferent binary digital value occurs. In the truth table of 
Fig. IB there are, at intersections of the same letter, a designation" x" or not allowed, as this does 
not mvolve a vohage level change. A change from level "a" in the previous stage to level '1)" m 
the current stage corresponds to a binary bit with a dighal 0 value bemg transferred. 
In Figure IC the eflfect of the voltage excursion, as the clock cycles pass, is correlated with the 
truth table letters and the corresponding binary bit digital values. The data is sanq)led at each 
voltage transition, with the resulting signals being only the binary data bits, with the clock related 
signals having been eliminated. 

hi Figure 2 there is shown a functional block diagram of the features that would be in an 
inq)lementation of the mvention involvmg the use of multiple vohage levels and the 
feet that every bit changes each cycle in the extraction of the clock information and the 
snxbsequent reconstruction of the data in accordance with the invention. 

The individual fimctional blocks in Fig. 2 are made \sp o^ standard m the art, conq)onents such as 
bmary logic elements such as bistable devices, latches, gates and buffers. 
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Refemag to Figure 2, the overall element 4, includes an input stage labelled element 5, vdierein 
the binary data with respect to referCTce and depicted as a binary bit and labelled as element 6 is 
received through an information channel labelled 7 for processmg in a conversion element labelled 
8. In the course of processing binary data bits undergo shape decay in anq)litude and rise and fill, 
generally referred to in the art as skew and jitter. The shape decay is depicted with respect to 
element 6 as a dotted outline. The conversion element 8 servesthefimctionof alookiq) table 
raster of the trath table type, that relates the immediate previous state of the iiq>ut data at outputs 
"a", 'V\ and "c", only one of vs*ich is true, through conductors 9, 10 and 1 1 into the three level 
driver 12, from \?^*ich there is provided, at output 13, the three level analog voltage signal 1 that 
isdepictedm Figure lA The table lookiq) feature of element 8, Mtoch is first set uang the 
"current" state vahies followed by setting in the '^previous" state values, is updated for each 
binary bit through conductors 14, 15 and 16 with bistable elements or flBp flops 17 , 18andl9 
respectively to reset in the previous stage lookup table in element 8 the one true value transmitted 
through output 13, under a system clock, not shown . 

Continuing with Figure 2, the analog voltage signal 1 delivered at node 13 is introduced mto a 
differential anqjlifier stage 20 made up of amplifier members 21 and 22 at input termhials 23 and 
24, and conq>ared with the thresholds 2 and 3 of Fig 1, through terminals 25 and 26 respectivety, 
in the data reconstruction stage 27. y 

In reconstmcting the data bit, it is desfa*able that any decay in the duration, the aiiq)litude and the 
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skew that has occurred in earfier processmg as indicated by the dotted borders of the exsmsplQ 
data bit element 6 in Rgure 2, be elimmated; and that each resulting data bit be optimally 
positioned with respect to the system clock. All data adjustment is accon^Kshed in the circuitry in 
the immediate vicinity. 

A strobe fimction is provided that detects each data bit, and provides a shaped data bit signal that 
is optimally centered in the timing window of the system as determined by the system clock. This 
is acconq)lished the providing of a strobe element 30 that detects each data bit signal, on 
conductors 31 and 32, one of vdiich will necessarily transition, and provides a signal, through 
conductor 33, that is delayed in element 34, so as to deliver a signal through conductors 35, 36, 
37, 38 and 39 to actuate the "current" state indicating, and the '^previous" state indicatmg, 
bistable circuit element pairs 40 and 41 and 42 and 43 respectivety, on the leading edge of the 
system clock timmg window. The delay, usually set in as a value in element 34, is about one half 
the timing window duration, vMch removes most jitter and skew in each output bit. A more 
extensive selectable delay value can be arranged for insertion into element 34 throu^ the use of a 
programmable muki tap delay line element, not shown. A reset that is between bit signals is 
provided to element 30 through conductors 44 and 45 aftef the actuation of the "current" fl^ 
flop pair 40 and 41. 

The agnal between nodes 28 and 29 is provided to tiie "current" state &p flop pair 40 and 41 at 
terminals 46 and 47 on conductors 48 and 49 respectively, and, after an actuation delay of flq) 
flop pair 40 and 41, to the '^previous" state fl^ flop pair 42 and 43 on conductors 50 and 51 
respectively. 
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The centering of the reconstructed data bit to be delivered at the output requires a finite amount 
of time and should be adjusted to be at the timing of the system clock. The niformation is 
arranged m a "current" state vs 'previous" state look up table element 52. The "current" state 
information is transferred to the element 52 on conductors 53 and 54 respectively and the 
"previous" state information is transferred to the lookup table element 52 on conductors 55 and 
56 respectively. The output is delivered at output terminal 57. 

The signalling capability of the invention provides the advantages in a data processing system of 
having the resulting system be locally be self contained so that long line lock times are avoided, 
that clock distribution noise and jitter are tdnimized, and that bit signal deterioration becomes 
readity repairable. 

What has been described is the use on a single information channel of multiple voltage levels in an 
arrangement ^ere all data bits change every cycle to permit extraction of clock information and 
conq)lete reconstruction locally of each data bit fi'ee of all previous processmg deterioration. 



